The aim of this study was to assess all available data regarding the efficacy of endoscopic transnasal orbital decompression for Graves' ophthalmopathy.
Introduction
Graves' disease is an autoimmune multisystem disease in which 30% to 50% of patients develop an ophthalmopathy caused by enlargement of orbital fat and muscles leading to proptosis (1) .
The mechanism of dysthyroid orbitopathy is unidentified and is speculated that thyroid-stimulating hormone receptor (TSHR) is expressed by fibroblasts in the orbital tissues. This results in gathering of T lymphocytes sensitized to antigens common in both thyroid cells and orbital contents and infiltration of the orbital fat and extraocular muscles with glycosaminoglycan, inflammatory cells, and immune complexes. This leads to an increase in the intraorbital contents and the consequent proptosis (2) . Although, thyroid eye disease often recedes and does not impair vision, however severe proptosis can lead to exposure keratopathy, diplopia and optic neuropathy (3) .
Dysthyroid orbitopathy seems to develop independently from the clinical course of the thyroid disease. Even if hyperthyroidism has been corrected patients may manifest ophthalmic C o r r e c t e d P r o o f findings at any time in the future (3) .
Μyriad of medical treatments are used, including high-dose corticosteroids, radiotherapy and immunosuppressive agents such as cyclosporin. Τhe steroids should be used in high doses for long treatment periods causing side-effects while radiotherapy despite being effective in alleviating optic neuropathy, does not always produce significant improvement in proptosis and cosmetic appearance. Indications for surgery have changed over the last years and although deterioration of visual acuity used to be the main indication, nowadays the interest has been shifted to cosmetic reasons as well (4) .
Dollinger first described orbital decompression for the treatment of patients with Graves' disease in 1911. Since then, various approaches have been adopted to decompress the orbit, by removing 1 to 4 of its bony walls (5) . In 1990, Kennedy et al. first reported the endoscopic transnasal medial and inferior wall decompression for thyroid eye disease. Performing this surgery via a transnasal route gives the advantage of clear visualization of orbital structures without any facial or oral scars rendering it an appealing choice, mainly due to aesthetic reasons (3) . Since then, most studies have reported results of mainly combined approaches and only a few have been conducted evaluating the effectiveness and the safety of purely endoscopic transnasal decompression for thyroid eye disease (6) .
In this systematic review we aimed to assess the outcomes of purely endoscopic transnasal orbital decompression collecting data from all available articles in the literature.
Materials and methods
This systematic review was performed according to the PRISMA 2009 checklist. For the purpose of this paper, original studies presenting outcomes of transnasal endoscopic orbital decompression were identified. No year limitation was imposed and both prospective and retrospective studies published in English were considered for inclusion. MEDLINE, Science direct and the Cochrane Library electronic databases were searched from July 1st, 2019 until, August 1st 2019, in order to identify studies answering the research question.
Additionally, clinicaltrials.gov and International Clinical Trials
Registry Platform databases as well as the archives of major recent ENT conferences were also searched with the intention of identifying grey literature. The references of all retrieved studies and review papers were also carefully hand-searched.
Two reviewers (N.T. and D.D.) independently executed the comprehensive literature search. The following free-text terms were used for the MEDLINE database search: ["Graves disease" OR "Graves orbitopathy" OR "Graves ophthalmopathy" OR "Graves' disease" OR "Graves' orbitopathy" OR "Graves' ophthalmopathy" OR "thyroid eye disease" OR "thyroid ophthalmopathy" OR 
Results
A total of 185 studies were retrieved through the systematic search of bibliographic databases. One additional record from other source, was also identified. After removing duplicates, 162 papers were eligible for title-abstract screening. Finally, twelve articles providing data able to answer the research question were identified (4, (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . None of the twelve aforementioned studies were eligible for qualitative synthesis. The flow diagram is depicted in Figure 1 . All included studies were written in English and published from 1996 to 2015. A total of 443 patients (29,1% males and 70,9% females) were recruited, with a total of 798 endoscopic transnasal orbital decompressions having been performed. Study characteristics are presented in Table 1 .
Proptosis reduction was assessed in all included studies. Pre and post-operative ocular protrusion examination was included Hertel exophthalmometry in all studies except for one that did not report their method of assessment (4) . The basis of exophthalmometry is the measure of the distance of the corneal apex from the level of the lateral orbital rim using an exophthalmometer (17) .
All of them demonstrated an improvement in postoperative proptosis that ranged from 2.07 mm (12) to 8.2 mm (16) . Overall, weighted mean in proptosis reduction estimated at 5.05mm
( Table 2) .
Change in visual acuity was evaluated in all studies aside from two (11, 16) . All studies demonstrated an improvement in postoperative visual acuity apart from one (13) . In this study, a patient that had endoscopic decompression for rapidly progressive visual Diplopia was discussed in all but one study (6) . Studies presented a wide range of results regarding pre-existing and new onset diplopia. The largest percentage of pre-existing diplopia was 83.3% which increased post operatively due to the addition of a new onset diplopia (12) . Similar results were presented in the 2nd largest study (8) with the percentage of post-operative diplopia being 81.3% while transient new onset diplopia was invariable in all cases with binocular vision and resolved over the next two to eight weeks without squint surgery (13) .
Apart from diplopia, two of the included studies did not mention any other intra or post-operative complication (7, 9) . All remaining studies presented a wide variety of minor and major intra and post-operative complications. A total number of 29 patients experienced post-operative epistaxis making it, overall, the most common complication (15, 16) . The most serious complications were three cases of Cerebrospinal fluid (CSF) leak that presented in two studies (11, 12) . Two of these cases were identified and managed at the time of decompression (11) while the third case had a surgical re-exploration on the seventh postoperative day due to persistent clear nasal discharge (12) . Taking into account the complexity of post-operative frontal sinusitis, it is worth mentioning that two cases of this complication were noted in two different studies (8, 13) . The first case was reported two months post-operatively (8) while the second appeared four months after the decompression receding with conservative treatment (13) . Apart from frontal sinusitis, six more cases of postoperative sinusitis were reported in three studies (8, 11, 14) . Only one patient was treated conservatively (14) , while the remaining five needed endoscopic sinus surgery. Furthermore, only one patient without a previous history of sinus disease developed an ethmoid mucocele that required endoscopic drainage (11) . At last, Although the aim of our study was to proceed to a meta-analysis, no quantitative synthesis could be performed, due to the absence of data, key statistical measures (standard deviation) and/or the variable values, out of which such measures could be extrapolated.
Discussion
A myriad of different techniques and approaches have been reported for the treatment of Graves' ophtalmophaty (18) . In 1957, Walsh and Ogura described the transantral decompression, which has been the most common and preferred technique for decades (19) . Removal of the entire orbital floor is achieved after a maxillary antrostomy while trying to keep intact the infraorbital nerve. Lamina papyracea is exposed and removed through rendered external approaches obsoletes (3) .The advantages of this procedure are; decreased morbidity compared to external ethmoidectomy or transantral surgery, also less dysesthesia of the infraorbital nerve, better cosmetic results with less intraoperative blood loss and shorter length of inpatient stay (20) .
Weighted mean in proptosis reduction among the twelve included studies was estimated at 5.05 mm. The lowest percentage of proptosis reduction across the included studies was observed in a series of 42 orbital decompressions. In this study patients were examined one and three months post-operatively with no statistically significant change between these follow-ups (12) . On the contrary, the highest percentage was shown in the largest series (216 decompressions). However, one should bear in mind that all patients included in this study suffered only from type 1 Graves orbitopathy who characteristically have the best response to decompressive surgery regardless of the type of surgical intervention (16) . This variation can be explained by several factors, such as the degree of preoperative exophthalmos, amount of bone removed, indications for surgery and different follow-up times.
Overall, endoscopic decompression seems to have the advantage of improving visual acuity in most cases. However, a variation in results among individuals is present in most of the studies.
This wide variation in results most likely reflects the heterogeneous patient population and different indications for surgery.
It can be argued that whenever cosmesis is the main indication for surgery, small changes in visual acuity could be explained by normal or near-normal pre-operative measurements (18) . Most studies did not weigh results according to the indication for surgery, therefore interpretation of the results must be done cautiously. Additionally, most possibly, a long history of optic nerve compression could explain poorer results post-operatively due to permanent damage of the optic nerve. So, it is problema- (22) . The surgical methods advocated to avoid diplopia are 1) preservation of a horizontal bony strut at the junction of the medial wall and floor of the orbit (Inferomedial Orbital Strut) (23) , 2) "balanced decompression" involving removal of both medial and lateral orbital walls so as to avoid the displacement of the orbit in any direction (24, 25) , and 3) the orbital sling technique, which makes use of a horizontal strip of periorbital fascia to prevent prolapse of the medial rectus muscle (22) . The endoscopic approach does not allow access to the lateral orbital wall, thus making it impossible to undertake the "balanced decompression" technique by a pure endoscopic approach.
The results of this systematic review are liable to certain limitations. First, although our aim was to include randomized controlled trials for the sake of the greater power of our research, we did not manage to retrieve anyone in our thorough literature search. On the contrary, only retrospective or prospective case series with no control group were found in the literature. The lack of control group made it impossible to draw safe conclusions regarding the inferiority or the superiority of endoscopic transnasal over older traditional techniques. Additionally, not only did we include low evidence and high risk of bias case series but we had difficulty in presenting results from studies that were characterized by low sample sizes, incomplete reporting data in most of them in combination with the heterogeneity among study designs and indications for surgery. Furthermore, we conducted a comprehensive search with language limitation in several bibliographic databases and the probability to have missed potential eligible studies is not to be underestimated.
Conclusion
It seems that the transnasal endoscopic technique is safe and effective in reducing proptosis as well as improving visual acuity.
Although there are favorable cosmetic results and rare complications, the risk of deteriorating pre-existing or causing new onset of diplopia requiring squint surgery is still considerable.
Larger, high quality, controlled studies ideally with subgroup of patients undergoing modified transanasal endoscopic decompressions (sling technique, preservation of Inferomedial Orbital Strut, "balanced decompression") are required so that safe conclusions can be derived.
